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ABSTRACT
The effects of diet,arv pyridoxine levels (0, l-r. 15. and 25mg/100g diet) on growth and
vitamin 86 profile of' juvenile Puuretts iap<tnit'us (0.69 * 0.03g; mean t sd) were
investigated during 8 weeks of f'eeding experiments. Dietary pyridoxine (PN) signifi-
cantly (p < 0.05) improved weight gain and survival of'prawns. The highest weight gain
and survival were obscrved in prawns f'ed dict with Smg of supplemental PN/100g dry
diet.
Pyridoxal phosphate (PLP) and pyridoxamine phosphate (PMP) were the dominant
forms of vitamin 86,, both in bhe hepatopancreas and mttscle of prawns, accounting for
74-8796 and 87-100%, of the total respectively. PLP and PMP contents in the hepato-
pancreas and nruscle of prawns fed diet without supplemental PN were markedly
reduced ancl were lower than in other groups. Inr:reasing levels of dietary pyridoxine
supplement Irom 5 to 25mg/100g cliet slightlv increased PMP content in the hepato-
pancreas, but had no effect on the I)1,[) an<l l)Ml't;otrtents of must:lt: nor in the PLP
contents of the bcpatopancreas.
The present study showed that juvenile P. japonicus required 4.llmg PN/1009 diet for
maximum weight gtrin. The level of 5mg PN/100g diet was requircd fbr maximum PLP
contents in the hepat,opancreas and mttscle.
KEYWORDS; Pen.aeus japonicus, pyridoxine. growth, vitarnin 86 profile.
INTRODUC]TTON
Dietary requirements fbr vitamin I{ have
been established for several species of fish by
giving them diets containing different levels
of pyridoxine (PN). 'lhe criteria used for
measuring vitamin Bu requirements included
gtowth, mortality, food conversion, concentra-
tion of vitamin Bu in selected tissues, activity
of various anrinotransf'erases in body tissues,
and pathological changes in body tissttes or
organs (Adron et a|.,1978; Kissil el ol., 19U1;
Halver, 1972; Smith et al., 1974 and
Albrektsen et a1.,1993). Although a qualita-
tive requirement of P. .iaponicus for water-
soluble vitamins has been established (Guary
et al., 1976; Deshimaru and Kuroki, 1976;
l)eshimaru and Kuroki. 1979: Kanazawa et
al., 1976; Kanazawa, 1983 and 1990), very
few studies have been done concerning vita-
min 86 nutrition in prawns. Deshimaru and
Kuroki (1979) reported that in a casein based
diet, juvenile P. japonicus required 12mg
l'N/l00g diet tbr maximum growth and PN
content in bhe body. Kanazawa (1990) re-
ported that larvae of' P. iaponiczs fed a carra-
goenan rnicrobound diet without PN-supple'
nrentation r:ould not reach the postlarval
stage (died during the mysid stage) and
suggested supplementation of 12ntg PN/100g
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diet was required. (loburtt (1994) considererl
that a level of 12rlg l)N/t(X)g diet lirr jttvtrtrilt'
prawns was too higlr.
Vitunrin I3o a<'ts as a l)I'€rcLlrsor t,o tlrc
ooenzvm() p1'ricloxtrl phosphatc whir:h is
reqtrired in protein atrd arttitro ar:id tttetabtl-
lisnr. Due to the nrr"rlt-iplt' roles of this vitanrirt
in various trtetabolic' pittltu'trys, there at'o il
nttmbcr of signs that t:ittt be iclortif ied irr
vitarrin Ilu del'ir:ient. atrintuls. I)oot' growtlt,
high mort;ality, nnorexizr, atrenria. dtrrk c:olor-
ation and loss o{' eqtrilibrium have beetr
observed in fish deficient in PN (llaker and
f)avies, 1995; Albrektscn et al., 19911;
Warrakowat et a|.,1!)89: t{t'rntatr, 19t35; Kissil
et al., 19.q1 and Snritlt ct ol., l97l). Lo'nv
aspartat,t' a Irr i uot t'i,r n sf er lir st: (ASIYI') acti vi tv
was also reporled in the nrusclc ol'AtlnnLit'
salnron, Solnto salar (Alblcktsen et al., 199;3;
199J-r) and in the live'r of'rainbow trout. SctLnut
goirdn.eri (l{ardv rt al.. 19,q7) fed [)N-clef icient
diets. I lowever, orrly high mortalitv zrnd
growth cleprerssion \\'el'(' repot'tcd li'onr
prawns {'ed l'}N rlelicienl diets (l)cshinraru
and Kuroki, 1f)79; Kan:rzrwu, l9!X)).
'fhe presernt strtclv uirrrs to invest.igtrte the
eftects of dietarv [)N levc'ls on growth and
vitamin I3u corrtcrrts in t.hc hepatoltirn(irozrs
atrd ttrttscle of juvenlle P. japonicrts. It irlso
aims to clelerrnirre possilrler I)N tlt'ficicrtr'-y
synrptoms.
Nli\'l'DIiIAL AN I) N'l ltl'll()l)S
T'est diets
Iiour test dic:ts (l'N-0. ['N-.s. I'N-15. alrcl l'N-
25) rvere prcllarccl to contain 0. 5. 15. arrcl 25rrrg
of supplcrrrcntal I'N/10{)g cliet as showlr irr
-l'atrle l. I)icts \\'cl'L- isonitroucnous ancl
isocrloric. 'l'ota1 Ot',tportiolts rvere acljustcd to
100'ri, b1' the addition o1'a-ccllulose. 'l'hc rlicls
\4'ere pre parccl accorclirrg to lhc firllor,, irru procc-
clttrc. Agitr. as hirtdcr'. lras clissolvcrl in l(r()ntl.
ol-brliling rvrater alld was c.tlkecl {rclltl} i. tle
w'ater hath firr about ,i rninutcs. Thc clict prcrrrix
o.1
r.vas thcn adcled and mixed thoroughly {br l0
rnirrutes. I)uring rnixing. lN NaOII was adcled
czrrclirlll to acl.jusr thc pll to 6. -[he diet was
then stcanred at 100"C without pressure for l0
rurinutes. pressec'l into Kurehalon plastic tuhes.
and stcanrcd again lor arrother 5 minutes. Alier
coolirrg at roorn terrrpcnrture. diets werc st()red
a1 4 (' trrrtil Lrsccl.
I;.eerlin.g trial
Post larvere ol'kuruma prawn. obtained lrcrn
a cornlllercial hatchery. were reerred in 500L
rouncl holding tanks and l'ed a comlnercial diet
(lligashirnaru ('o.. 
.laparr) until tlrey rvere used
in tlre experiltrcnt. A total ol' 288 prawlts
(lveighing 0.69 ,L 0.03g) were selected lirr the
experilnent. 'l'rvcntl'-lbur prawns per tank with
l.hree rcplicate tanks per treatnterlt \\jere riln-
domlv housecl in 
-541. t'cctangular tanks (60 x 30
x 30cnr) 
'uvith sand bottortrs (2cnr thickness).
Sea rvatcr'. 33ppt. 
'uvas continuollsly supplied at
a llor,l rertc ol'21./h. and 
-50% of the water in the
tzurk rvas changecl every ntorning. 'l'he sea vvater
was recirculated throirglr a sand hottorn llllcr.
Watcr tenrperatul'e clLrrirrg the 8 r.veeks of lbccl-
irrg experiment rvas nraintainecl between 22-
2-5'('using arr elcctric lrcater.
'l lre praw'ns werc l'ecl once a clay rvith 10,2'o
(dry rnattcr basis) of their body wc'iglrt basecl on
average initial lveight. l'he feeding level rvas
ad.iustcd cvery 2 uecl<s accordirrg to the fecr-lirrg
lesp()nsc ancl bocly' wcight ol'the prau,ns. Un-
catcrr lbcd n,as collectccl arrd exuviae were
renrovcd eaclr morning. All prawns were
wcighccl and counted every 2 weeks. All tanks
ancl sancl bottoms were cleanecl and ,uvashcd at
the sarne tirrre.
I:vcr,"- 2 rvccks. hepatopancreers and muscle
ol-tlrree prawlts liorn cach replicate tank rvcrc
collcctccl. poolccl lirr cuch treatntcllt. liozen irr
clrr icc-nrethanol arrd stored at -84"C uutil Lrscd
lirr the i,'itantin [],, ancl slutarrratc oxaloacctutc
triursitrninasc ((iO | ) analvses.
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Table 1. Composition of experimental diets (e/100g dry diet).
DietsIngredients I'N-O PN-5 PN-T5 PN.25
Pyridoxine
c-cellulose
Casein (vitamin t'ree)
Squid n,eal*l
Sucrose'
l)extrin
c- starch
Glucosamine-HCl
Na-succinate
Na-citrate
Pollack liver oil
Squid liver oil
Soybean lecithin
Cholesterol
Attractant*2
Mineral mix"3
Vitamin rnix (I'N-free)*a
Lysine
Arginino
Agar
0.000
0.590
,1.c).(x)
5.(X)
5.Oo
4.37
l-r.(X)
0.80
o.30
0.30
2.(X)
4.(X)
3.00
0.i-rO
2.20
6.O0
1.99
1.20
2.7it
5.0o
0.005
0.5u5
.r9.00
5.O0
5.00
4.:17
5.O0
0.80
0.30
0.30
2.0o
4.00
;].00
0.50
2.20
6.OO
1.99
r.20
2.75
l-r.(X)
0.015
0.r175
49.00
5.00
I-r.00
4.37
5.00
0.80
0.30
0.30
2.00
4.00
3.00
0.50
2.20
6.O0
r.99
t.20
2.75
I-r.00
0.025
0.565
49.00
5.00
5.00
4.37
5.00
0.80
0.30
0.30
2.00
4.00
3.00
0.50
2.20
6.OO
1.99
r.20
2.75
5.00
1001001(X)t00Total
Anol3'srs
PN (mg/100e)
Crude protein ('2,)
Gross energy (kcal/9;.6
nd"l'
I-r4.9
4.:l
4.72
54.9
4.:l
14.09
54.5
4.1
23.68
55.0
4.2
*G
powdere6. *nd siirvc4 (< 2sopnl). 'l'hc powdcr wirs lhcrr t'xtrirctcd il tirlrs with r:hkrrofirltn : tnt'thanol (l : l), dlicd, and ngairr
sicved (< 2|iltttn).
Attrat:tant (g pcr t(Xlg) : lJctttitlc'
Minr:ral (g per l(X)g): lGllPOl 1.4O3: Car(PO1)o. l.1l()lr: tvlgSOl.?l-1,O,2.13'l and NaH,PC)r.2H'rO' O.l-r114
Vitamin rnix (rng/l0gg) :p.amino bcnznic nr:i<|. ll-r.8O; biotin, O.(i3: inosit.ol. (i32.(D: nia<:in. (i3.201 Ca-pantothenate. 94'8O; thiamin'
HCl, t8.00; Vii. C tph,rspitan). l3(i.O?: ribollavin. 12.64: {blir: a<'id. 1.2{i: <'vttntx:obrtllttlinc, O. l3; cholinc't:hkrride, {)48.O0:
rnc.nadione,6.34: vit. A prrlnritat,r'30.3.11 c.trx'01'c|'01. ltl.(i0; r'alt:i{'erol. 1.88.
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Analysis of uitantin Il'
'l'he vitanrin Ii^ c:ritrtctrt of tl-rt,' tcst dicts,
and its r:ontetrt in thc lirt'tn of'a llhoslrhittc
erster in the hepatopancrcils irttcl ntttscle ol'
prawns werur dcternrined b-v high perfr,rr-
mance liquid <'hronrabograllhv (lll']l,(') bitsed
on the tnethods of' Sanrpson zrncl O'(lotrttor
(1989) and van clc K:rnrp at al. (19!)5). 'l'ht'
f{PL(' instrurnenL was a L(I-GA cquil;1.recl
with S('1,-6ll S.ystenr Clontrr.rllcr, ltF' ir:15
Fluuresconce HI'1,(l Motritor (excitation
wavelength at ll2Snttr zrnc| emissiotr w{lve.-
length at 39lJnm). and (l ItTAe 1-rlus ('lrronra-
topac (all {ronr Shinrzrdzu, Japar-r). 'l'he
annlvtical coltrnul was Li('lrrosorb ltPl S-,r.
4.6 x 250nrnr ((ll, Sc'icrrt'r's Inc., .)apan).
The mobile phase A was 0.0:]3M phospho-
ric acid and 0.008N4 1-octnnesulf<lric ar:id.
adjusted to pH 2.2 with 6N KOH. Mobile
phase B was 0.0:l;]Nt phosyrhorit: a<:id and l0'1,i,
(v/v) 2-plspatrol. ircljustcd lo pll2.2 with fi N
KOII (Sanrpsor)r trnd O'('onr.rt.rr, 1989). 'l'ht,
posL-colutrrrr rt-'trgtr.rt rlt'sc ibcd by ('oburn arrcl
Mahuren (1983) wtrs used at u flow r:ntt' of
0.2nrL minute-l to r:nhant:c f'luoresccut,e ol'
pyridoxal phosphate (l)1,[]'). 'lhe reagent was
freshly preparred and t:ontained 1g of sodiunr
bistrlfite per 1(XX)nr[, of' 1.0M potzrssiurrr
phosphate br-rffbr arljr-rstcrl t.o pll 7.5 witlr (i N
KOH. Bu vitanrers wcl'('st'paratt,cl rrsing tht'
following binar5' gradicnt l)rograln: sarnplt'
injection followed bv l(X)'li, solverrt A {irr 5
minutes, a linear grzrdient to 90t),ir solveltt I]
in 2ir minutes, 90')'i' solvent tl lbr 6 nrinutcs, u
linear grildient to 100'fi, solvent A in 2 nrin-
utes, colunrn eqtrilibrntion firr 7 nrinutes vvith
100')6 solvent A. 'l'lre {low rate lvas 1.Zrnl,
minute' I throughouL the gradierrrt.
'l'tre diets, hellat,oll:rncreas, arrrl nrus<.le
wert' honrogetrizccl selturirt elv in ,5'li, <'old
ntetirphusphrlric a<:icl in un ice bath usirrg ir
glass hontogcnizer and 1-deoxvpl'ricloxint'
was addccl zls iln internal st.artclzrrrl ((ircgorv
and Feldstein, l1)8J-r). A{'Ler ccntlifuguii,rn
( 13,900 x g at 4'(l for 25 nrinutes), ther supLrr-
natirnt was washecl ,1 tirnc's witlr trvo voltrrlcs
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of nrr-'tlrylene chl<-rridc. 'l'he r:ollected sanrlrle
wirs then tiltered throtrgh a 0.411prnr nrrlln-
brirrrr-' f ilter (Advnnter:, 'foyo Roshi Kaisha,
,f u1-rur-r) anrl 20p1, of'the filtrate was injected
rnt,o the I ll'1,(l irrjcct,ion port. Pyridoxine-H(ll,
p.r'r'idoxul-H(:1, p.vridoxaI phosphate monohy-
drate (Wako Pure Ohenrical Industries Ltd.,
.-fttllan), .{-deoxypyridoxine, pyridoxarnine
phosphate-Fl(ll (Nacalai'l'esque Inc.. Japan)
and pvridoxarnine dihydroclrloritle (Signra('lrcrnir:al ('o.) were used as standards.
I)e I.e rnt i nution of GOT actiuity
l)r'au n nruscle ( l00lng) was honrogenized in
6trrl ul' an extraction buflbr (0.lM sodiunt
plrtrsplrate. pll 7 .2;20"h glycerol: C).0296 triton
X- 100: ancl I .5nrM dithiothreitol) using a glass
horrrogenizcr (Casillas et al.. 1982). The ho-
rnogenate nas tlren ccntrifirged at 13.900 x g at
4'(' lor 20 minutes. 'l'hc collected supernatant
rras again centlilirgccl lirr 20 minutes to obtain
a clcarer prodLlct. storccl at 4"C lirr lurther
analr'.sis. (iO l'activity in nruscle. expressed as
lI i g ' r,rct u,cight. rvars analyzed using a reagent
kit (Kanto Chenrical. Japan) and measured
usirrs a llallA-lli supcr Sy'stem (Chugai..lapan).
S t ut i sti t: u I art ul.ysi s
Statistical tests f or rvcight gain, survival,
fbcd irrtlrkc. ancl fced r:onversion effit:ien<.y(t"('B) were per'{brnted using one-way analy-
sis of' variunce (ANOVA). 'l'he diff'erences
bt'twe.cn indiviclr"ral trcatntents were tested
r"rsing l)uncan's ncw multiple range test
(St.eel ancl 'l'orrie, 1960). All references ro
strrtistir:al significzrnce were at 5%o level. l'he
dictary l'N requircnrent for nraxinrum weight
gain of' hrrrrrma ll'ilwns was eslimated ar:-
t'rrltlirrg to Zt,itourr et ul. \.|976).
ITI.]SUI,'['S
G rou,tlt uttd sttt't,i t,ul
Although all groups slrorved high survival
(78o/'o or nrore). the survival of prawns fbd cliet
without supplemental PN was significantly
lower (p < 0.0,5) thalr PN-supplemental groups
(T'able 2;. 'l'he highest survir al was tthsen'ccl ott
prawns t'ed diet with 5rrrg ol' supplerrretrtal
PN/100g diet.
Weight gain ol'the prawns increasecl witlr
time over the 8 weeks o1'the f-eeding expcri-
ment. After 8 weeks. weiglrt gain was signili-
cantly (p < 0.05) lower oll prawns f-ed diet
without supplemental PN than diets witlr sup-
plemental PN. l'he highest weight gairt was
observed on prawns led diet with 5mg ol'sup-
plemental PN/100g diet ('I'able 2). lncreasing
levels of supplernental PN in diets lrorl 5 to
25mgll00g diet resulted in a slightly lower
weight gain. though this was not signilicantly'
difl'erent (p > 0.05 )
Prawns f'ed diet withotrt supplemental PN
showed signilicantl)'(p'- 0.05) lower []CI'i arrcl
f-eed intake than those ol' PN-supplernelltecl
groups. There were llo signilicant dill'erences ol'
FCE and fbed intake amor-rg prawns lbd l)N-
supplemented diets (-l'able 2 and'l'able 5)'
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Vitantin B' contents
Vitanrin 86 pro{iles in the hepatopancreas
and nruscle o1'prawns are shown in Table 3
and'lnble .1 respectively. ln the hepato-pan-
(:reas, l)l,P and PMP are the main forms of
vitamin 86 accouuting for 74-87'h of total,
followed bv PM $O'17%). OnlY small
anrounts of Pl, and I'N are present. The
concentration of PLP was lower than that of
PMP for almost all groups of prawns. After
the tl weeks experimental period PLP con-
tents of prawlts fed diet with 5, 15, and 25mg
ol'supplemetal I)N/100g diet were almost the
salne, but twi<:e as high as those given PN-
unsuppletnented. Mezrnwhile, PMP contents
increased slightly over time, with increasing
levels of PN-supplementation, and became 7
to 8 times higher than that of the PN-
unsupplemented diet at the end of the feed'
ing period. In the hepatopancreas of prawns
I'ed cliet without sttppletrtental PN, about 42o/o
and lJ2(Zr of vitanrin llu was present in the
l'l,l' and I'MP fbrms. respectively. 'l'he pro'
1:rrrtions of' PL[' and PMP changed to 22"/o
and 61'Zr respectivel.v in prawns fed PN-sup-
plementcd diets.
Table 2. Weight gair-r, survival ancl F(lll ol'prawns tecl experinrental clie'ts for 8 weeks*l
FCE *3Diets Final weight(s)
Weight gairt *2 sttrvival(%', (%)
PN-O
PN.5
PN.15
PN.25
1.81 r 0.12
2.1-rj] t 0.03
2..tr;| + 0.07
2.:i;1 I 0.13
161 t lgn ?Ba
z(il-) t 4l' 99b
2l-r1 t 10b 89''
2:17 t llt' g,tb'
o.27 t 0.044
0.37 r 0.01b
0.39 r 0.02b
0.35 t 0.03b
"l lrriti"lweight=0.6g+0.0lig.ValussAreur(,alrstSli. Valut'sirrtlrt'r'olttttrnwit.htlrt'salnesuperst't'rptatenol
significantly different (P > 0 05).
-' Wuight gain = (firral weight - initial weight) x l(X)/iuitial wcight'
.3 F""d conversio. eff icie'<.v = wcigl.rt gni. (g)/l'e.(l i't.al<e (g).
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Table 3. Vitzrnrin l),, t:outernts itr tht' lrcpatolrrrn(:ru)zls of llruwns t'ed cxperinlental diet3l
BG vitarner
$ele wet weight)
I.'eed ing periocl (week)
Dicts 6
PLP
I'MI'
PI,
PN
PX,I
PN-0
PN.5
PN- 1lr
PN"25
PN-0
I)N-;
[,N- 11-r
I'N-2J';
[rN-0
PN-5
I)N. I J-;
PN-21-r
PN.O
PN-l.r
PN- l i-r
I)N-25
PN.0
[,N-5
I'N- 15
PN-25
1.058
1.101
1.151
1.205
0.97.+
2.2;ir-i
2.I04
2.llir l
0.I00
0. I.11
0.1 90
o.22:t
0.1irO
0.1llir
0.1,18
( ). I (i(i
0..170
0.499
0.67ir
(X).6ir9
0.826
l.r86
1.174
1.280
0.9:]1
2.917
:].2(i 1
:1.,1:t9
0.0fi6
0.071
0.075
0.1 16
0.164
o. l;12
0. l3lr
0.l;]8
0.312
0.662
0.616
O.til'rl-r
0.654
r.209
t.225
1.272
0..{9u
2.759
:t.ft82
:1.293
0.023
0.054
0.047
0.065
0.050
0.062
0.l0t
0. l2ir
0.215
0.620
0.5611
0.750
0.594
1.27 4
1.255
1.185
0.4fr2
3.092
3.505
3.554
0.023
0.046
o.074
0.071
0.1 10
0.100
o.'t75
0.151
o.2:12
0.628
o.762
0.793
Initial contents of l)l,l). l'Ntl). Pl,. [)N. irrrrl 1)\l rvele 0.9Tt]. l.ir(i:l
resuecti vel v.
0.0ir4. 0.09 l. and 0.057pg/g wet weisht.
Only I'}LP, I'}MP, and PN werc clcter:ted irr
the nruscle of prawrrs ('liable .l). [)LI, and
PIVII' were also the predominant fornrs and
accounted for 87-100'Xr of the total vitaruin []
in the muscle. PLP content in the muscle was
much higher (69-80'Zu) tlran that of IIMI, (17-
22ei,1 1J"1*. 1,.
Il[uscle GOT actiuity
Muscle GOT activity was rnarkerll.v rc-
duccd in the prawns fed dict without suppler-
ment,al PN conrparecl with [)N-sultplementctl
f{t'oups ('I'able 5). Increasing level of'diet,arv
I'N (from 5 to 25mgl100g dict) dicl not irr-
crcase) the GO'f activity. Muscle (ior ar:tivitv
of plawns fed diet without supplenrelrtal l)N
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wus nrzrrkeclly redurrcd af'ter tlre scr.ontl rveek
of' tbeding (Fig. 2). In terms of' perr:t:rrtagcr
stinruiation. inclusion of [,LP in tht' sirnrlrlt,s
befbre analysis mzrrkedly increaserd t,[u-. nrus-
t:le GOT activity of'prawns fed dict rvitlrout
supplemental I,N and resulted in higher
;.rercc.ntage stinrulation. Inclusion o{' [r[,], did
not elir:it increased GOT activity in prawns
t'ed l']N-supplenrented diet (Fig. 2). Since the(lo'l' rear:tiorr requires PLP or PMp, the
relationships between PLP and PMp in
rnust:le and muscle (iOT activity were calcu-
lat,ed. A high positive correlation (r = 0.g9; n
= '{) was found between P[,P content arrd
rrrusr;lc (]OT activity . Also a positive correla-
tion (r = 0.94; n = 4) was found between IrMP
arrrl nruscle C]O'f activity.
Table 4. Vitantin llrr t:ontetrts
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in the tttttst:lt: o{'pt'awns fecl cxllerir)lental dietJl
86 vitamer
(pglg wet
weight)
Diets Fecding periods (weeks)
Pl,P
f,MP
PN
PN.O
PN-5
PN.15
PN-21-r
PN.0
PN-5
PN-15
PN-25
PN.O
PN-lr
PN.15
PN-21-r
o.824
0.98:l
0.9irl-r
0.9ft!)
0.195
0.244
0.232
o.225
0.151
0.1 10
0.1 56
0.107
0.655
1.00u
1.007
0.927
0.1 66
0.250
0.264
0.251
0.110
0.120
0.1 51
0.1114
0.521
0.983
0.858
1.00(i
0.1:J6
0.256
0.261
0.241
0.036
0.100
0.1:lll
0.1 00
0.499
0.956
0.840
0.939
0.128
0.239
o.24:t
o.221
0.089
nd*2
nd
0.098
,2 lnitial contents of'l)l,l). l)l\'lP. antl l)N welt' l (Xiil 0ll.t. ,tr'',1 t). t l2 pg/g wet weight. respectively'Undetected.
Table 5. Muscle glutamate oxtrloacetatc
prawns iecl experimetrtrtl dietJI
transatttiuase (GO'f) activity and feed intake of
86 vitamer
(pg/g wet
weight)
Diets Feeding periods (weeks)
PI,P
PMP
PN-O
PN-5
PN-15
PN.25
PN-O
PN-l-r
PN-15
PN.25
PN-O
PN-i-r
PN-15
PN.25
9.1r1
1 1.64
11.{-r1
1 1.70
48.60
11 .97
1 1.flrl
r 1.89
0.61-r
0.66
0.67
0.67
7.1:l
t0.84
11.35
12.llf-r
50.79
11.31
I t.4o
l .t.,10
0.u9
0.88
0.f16
0.85
6.77
Lt.42
11.76
t0.7 4
59.84
11.00
15.46
12.50
1.231'
1.40b
1.35b
1.35b
5.24
10.85
10.04
t 1.33
79.82
il].76
22.16
1f).:t2
1.454
1.94b
1.89b
1.92b
PN
*r lrritiul : GOT activitv :11.5721U/g wet. weight.:rtrcl 'li, stitrlltlation : 8'9
., ;;;;;;";; 
"im.,tutiur., = 
(coT activit.r,wirl-r Pt,P-Go'llactivity withor-rt PLP) x 100/GoT activitv without' PLP'
'3 Feed intake = sunl of claily t'eed intake (g rlry weieht)/0.ir (nuniber of plawn at' start + number of prawn at the
end). Daily feed intake *o* ,,r.,,r.,.,r<l b.l,subtracting t.he arrtouut of rrneatett I'eed frorn that of feed offered'
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Muscle
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Feeding period (week)
P
S r,o()
G)3 o.a
bl)
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bt)
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0,3
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Fig. 1. Change in P[,P and I)MI'<'ontenls in t,hc hepatopan(:reas and muscle of prawns fed test
diets frrr B weeks.
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Py r idoxine re quir ente n t
Ilased on a brokeu-line annlysis ftrr weiglrt
gain of prawns at the etrd ol' the feeding
experirnent and dietary pyridoxiue levels, the
PN requirement for maximurn weight gairr of
juvenile P. japonict s was found to bc 4.llrng/
100 g dry diet. PN supplementation of l-rrng/
1009 diet resulted in thc lrighest I'l,P t:on-
tents both in the hepatopancrea s and ntttscle
of prawns.
30
24(t
Fccding period (rveek)
I)ISCUSSION
'l'lre prcscrrt stucly showed that PN-supple-
nrentation ilnprovecl rveight gain and survival of
.jurverrif c l). juponit' u.r. 'l'he prawns fed diet with
5. 15. and 25rng ol'supplemental PN/I00g diet
shtrwed weight gains of 265yo, 25lo/o, and
2371Yo. respectively. The prawns fed diet without
srlpplemental PN grew well only for the lirst 4
r,veeks. alicr which growth was significantly
retarded. This result agrees with the linding o1'
Deshimaru and Kuroki ( 1979) who repo(ed tlrat
growtlr of juvenile P. 
.itrpttnic:ll.s fed I'N-dcrli-
cient diet was retarded aficr 4 weeks ol- fbeding.
In their study. dietary PN levels o1'0" 6. | 2. and
24mgwere tested on prawns (0.5g average body
weight). At the end o1'the lbeding period (weck
l2). they found that the grorvtlr of prawns I'cd a
diet with 24ntg of supplenrental PN/100g diet
was slightly higher than that of PN-deficierrt
prawns. However. during the lirst l0 weeks ol'
feeding. the growth of the prawns receiving PN
at24mgll00g diet was corrsistently lower tlran
PN-deficient prawns. ln the presenl study. tlre
growth of prawns f'ed high levels o1'I'N (25tng
of supplemental PNil00g cliet) was sliglrtll
lower than those lecl r,lith 5tng atrd l5rlrg levcls.
but they were not signilicantly clil'll'rcnt' lrcccl
tl"R Journol Vtl.III No.I. 1997
intakc and l'(llr w'erc also nclt diff-erent fbr
gfoups l'cd l)N-supplenrerrted diets.
Vitanrin 86 has been reported to exist. in at
least six biologically active derivatives in bio-
logicaf materials ('l'oukairin-Oda et a/.. 1989).
Anrong these six. only Pl-P and PMP showed
coenz-yr1re activity o1' vitamin Bu requiring
cnzvnrcs. Aminotransf'erases can use either PLP
or l)MI). while all other vitamin 86 dependent
cnz-ynles require Pl,P fbr reconstitution of an
active holoenzyme. Five vitamers (PLP" PMP,
Pl,. PN. arrd PM) in the hepatopancreas and
three (l)I,P. PMP. and PN) in the tnuscle of
pra\\ns were identilied in the present study. I'he
clonrinatrt lbrnrs were Pl,P and PMP. which
irccor.rntied l'l:ir' 74-87o/o arld 87-100% respec-
tivcly' irr tlre hepatopatrtcrcas and nruscle.
l4 100
o
€60)
E840
s
a
'6 12
3
o
'10ot)
e8
FoO6
0
02468
Feeding period (week)
F'ig. 2. Muscle GO'l' at:tivitv and ils pt'r<'t'tttitgc
weeks of f'eeding.
02468
Feeding Period (week)
stirrrttltttion ot'1;ritwtrs tbd Lest diets during 8
3l
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PLP and PMP contents in thc hepato-
panc:reas of'prawns fed dict without suppler-
nrent:rl I)N were reduccd wibh tirne during
the I'eeding experinrent. At the end of'erpcri-
rnt:ttt, P[,t' and [)MI) cor-rtcnbs wcrc. (i0']'| tllrcl
ii0')o respectively of initial (:ontents. In<;Lens-
ing levels of PN sttppletrrerrtation fi'onr irnrg tcr
25nrg/100g diet re-sultccl in the inrrreasc irr t.lrt:
PNIP c:onterrt., but not for the [)l,l' conr.cllr.
'l'his intlicates tlrat I)l,l) in t,her hepato-
pAn('l'c'as reat:hed satrrr':rtiolr level rvith iuclu-
sion of llmg or nrorc I'N/l00g dict. I)Mf'
conlr:nt wers also lrighcr thnn [)l,l'content in
the init.ial sarnple. 'l'his inclir-'atr:s thar cxcess
vitanrin Ii,, in tlre lrellaloprnrcr'oils l'night lrave
beetr storerl as I)N{ ['.
In the rrrtrsr:le o1'pruwrrs l'ed clict without
['N sttpplt:rrrt:lrtirtion. I'l,l' i.rrrcl l)N'l l) rrrntcnt,s
rlt-'r'lirrcil bv ir0'ti, r.l rrrirrg tlrc fi'crl irrg ex;reri-
rrr<rrr1. ('orrt.r'ar.y to thc sit.rrrrtiurr irr llrc lrrytirto-
l)iur('l cls, I'l ,[) corrlerrt itr rrrr.rs<:lc is erlvurtr.s
higlrt'r' tlrirn tlrat ol' I'Nll) conlcnl (4 : I ).
'l'ht:ir cotrlt'nts r,r't'r't'alrrrosl tlrc silllto firl all
fIr'oul)s fccl ['N-srrtr)l)l('r)r(]lrtcrl rl icis irnrl t lris
rt.rnrai ned trn-clru n gt.rrl <l rr li rr g t,hc cr 1rt:r'i rrr c n -
tal pr:riod. 'l'lrc resrrlt,s sllou'r,rd tlrirt t.he l)l,l):
l)Nll) ratio irr rnusr.lr: rniglrt, bc stri<rtlv r:on-
trolled rrrrd llrat ex(:css vitanrin lf, wtrs rrot
storerl in tltc tnu-qt'lg irs [)l,['or l)N'll). Iruyth-
\\i;rllccr pt ol. ( l!)81)) r.r:lroltcd tlrat t.hc'rt. was
n tiglrt lv r:orr1r'ollcrl rncchirrrisnl r.('gulirt irrg l.lrt:
ra1 io of' tr,vo ar,t.il'r-' lirlrrrs ol r'it.arn in If,, I)l,l) :
I'N'll'(l : 1) in the liver ol'nrou-qt'. lte<,cntlr,'the
ralio of 2 : I .uvas rcllolterl in tlrc lirrcr o1'rrrir:c
lrv lirrr rlc I(irrrrp at rtl. (lgg;r). I)iscrt:ptrrrt'ies
aln()lll,{ 1.hese rerlrortcd r.ultres rrriglrt llr: irfl
It:ct,r'rl cithr,:r br llrr. syrcr.ics, b'r'vitrrrrrin ll,
intirke. or l.rv r"'itarnin If, sttr{us in tlre botlr.,ol'
the nnimals tlrrrirrg the e-r1rclinrt'rrt.'l'rlzliirtcs
and Sarrs (1976) rr:porttd tlrc equilibrium
rertio of [)l,l): PNll) to bc 1 : 2 irr the liver of'
vitatrrin I3,, dcf icic.nt rat,s lt'acherl a{tcr ;--r tlavs
of injcction with l'N. I}rtios o{'lcss th:rn I lirr
lorv intzrke (iJ0pg/dar') irrrd l ir lirr lriglr irrlakc
(7irlt:t/dar' ol rrrot't') ol r'itirrnin lf, \\'cl (, r'(,-
portt'd it-r tlre livers ol'r'lrts li'd dif f clorrt lcvcls
clf I'N (vun dcn I}clg r'1 ,:r/.. lt).\2). It w:rs not
clear whcther the I'MP ltrrnr could be
r:orrverLed to l)l,l)',vhen the I'}l,P rc-'quirement
ir-rt'r'cased. In rrrt,livcr, intorrronversion of PLP
trnd l)N'l [) through crrzvnrirbic transanrination
ancl pvlidoxanrine-5-phosphate oxiderse reuc-
tions rvas strggt-'stt'd. '['he enzymatic transa-
nrirratiorr rcirt'l.ion is aflected by the ratio of
arrrino a<:ids irrrrl kei,o ar:itl as a substrate (r':rn
dr,:rr llerg et ol.. 19,82). lrr huurnn liver PMP is
subst:rluenllv oxidizcd to Pl,P by lryrido-
xirnrirrc-5-phosphrrte oxidase (Merrill et al..
lf)84). '['ht're is no infcrrmation available
concel'ning the vit.irrnin I3^ ntetabolism in
prilwns.
Sint'e trrninot,r'rrrrsti:r'ases rcquire Pl,[, as a
('o('r'lzvnle. ilssirvs ol' t.lris enzYlll€) in various
Lissrres trnrl orgirns ure riftt'n userd as the basis
firr rrreasulirrg vitlrrrrin I{., strrtus in zrnimals.
As;rirrtirte rrnrirrol rln-.fcrtrse (ASA'f or (lOT.
I,l(l 2.{;. l . I ) irrrrl trl;rrrinc arninol ranslr,-rirse(Al,'\'l'or (.]l"l'. fi('2.{j 1.2) have becn uscd
f or t:r'irlrral irrg vitarnirr I)rn, st,al.us in sevcral
s1;r'cics o1'fishcs su(.11 as rainbow trout(d'Alrollorrirr trrrd Andcrs,rn. 1980). turbot
(Atlr'<rrr tt ol., 1978). anrl eilthead sea bream(l(issil et ol., 19,c1). ln the present strrdy. it
wus obscrved thaL nrusr:le (.lO'l' activity of
l)r'ir$,ns t'ed I)N-strpplcnrented dierts was
urrchrrng-r:cl. while it. vvas redur:ed to j-10,)6 of
rrorrrral in lrrilr.r,ns fi'ld clicts without supple-
rrrgrtul l)N. Mcirrtrvlrilc, adclition of PLl, to
tlrc sarnple irrcrcascd ther pcrccntage slirnula-
tiorr o{'(lO'l' in I)rirw}rs fcd diet without sup-
lrlcnrt'ntrrl I)N, lrut lrad no r:[I'cr:t on prawns
lcrl l)N,srrpplcrrrcntt'tl cliets.'l'hese results
intl it:utt thut tht'anlount of apoenzyDte pres-
enl u'as rrot. af'fi:r:terrl b.v the dicltary PN levels,
tutr<l not all thr: ill)()(,1)z\/ln(' prese,nt in the
rnusr:lc of' prawns f'cd diet without supple-
nrc.ntal l)N u'ets suturated with thc coenzvme
pvridclxir I phos;1rlr u t c.
Valrres of' nrrrst;lc (lO'l' ar:tivity shor.r,crl
sinriltrr pat.tt'r'r'rs to l'l,l) and IrMP contents of
tltc nrusr:le. ['{igh positive t:orrelaLions we)re
lirtrnd lrctrvt'cn rrrLrsclt' (lO'l'at:tivit,y and [,Lp
<rontent irr nruscle (r = 0.gg). aud botrvclen
nrusr'lt' (io'l' rrctivilv and PMI) cont.t nt (y =
32
0.94) in the presetlt sl tttly. 'l'hese rcsults
asree with the {indirrgs of'Albrektsen el al'
(1993) and Albrt'ktsen el 41. (19!)ir) wlro re-
portcd that (lO'l' atrtivitf itr tnuscle of'Atlan-
tir: salntot-t was signil'it'rttttlv t:orrclzrterl with
rrtrscle vittttttitr I3,, trttttlctrt.'l'hc prest-'trt
rcsults sttggest blrat Irtr-tst'le (lO'l' atrt'ivitv,
P[,P and I'MP conlents itr ttrus<'le might be
goocl inclicators to evttlttitLe llrc ntrtritional
status of vitantin ft itr ttre l)rawrrs, P'
japonictts in addition to grorvtb.
'l'he present sttrdv sltolvt:d llrat thcr tnitri-
mum clietary l']N rt'c1t-til"etttt:nt {trr juvcnilc /)'
japonicus was less than irmgi l00g dict lbr
nraximunr weight gtrin. Strlrplententation of
5nrg/100g cliet wits reqttired {br muxittrtttn
PLI) contcnts it-t lhe ltepatopatlct'eits atld
mttscle of llrawtrs. 'l'hese vtrlues were trtut:l't
lower than thostt rt'portcrl bv I)esliittltrrtt ertrcl
Ktrroki (1979). wlto sttggt;stcd 12nrg I)N/l(X)g
cliet based otr bttt,lr wt-ligltt gititr rtttd l)N <:oll-
terrt of juvenile I)..iuportit'tts. Itt their sttrdv,
horvever, the- l-riglrcr" wcighL gain ot'pl'awlls
fed diet with 12mg of'sttpplentetrtal PN/100g
cliet was observed ottll' at thc errd t'1' the
experimettt, while weight gain dtrring t'ht'
first l0 wecks of'f'eeding wtls trlnrttsL the santc
as for prawns fed diet with 6nrg of strpple-
mental PN/100g tliet. 'l'ltc attthors zrlso did
not indicate whethct' t,he intproventettt over
6mg PN/100g diet grotrp was sigtrilit:attt.. tror
was there any replit:ation pcrfbrnted itt t.hcir
sttrdy to etrable stitListi<lal antrlysis. llast:tl <lll
PN contenl in the botly of'prawlls rcport'ed bv
I)esl-rimaru and Kuroki (1979); (loburn (1994)
esLinrated that the vibantitl [f requirenrctrt of
P. japonictts was trbortt 6'2nrgi100g dict
( 1 0nr g vitatnit-t Ilr,/tlav/prau'tr ).
No slrex:ific de'{'it:it'ttt'r' signs ('tltlst.d bl' lat:k
of vitamin 136, wt't'e obsct'r'ccl iu t'lrc ltrcstltlt'
study, although fbr poor grorn'tlr. poor strr'-
vival, low F'(lE. and low feed intakc wcl't)
noted. Siutte kurttnrtr pr.lwns are brltttlm-
living and live buried ir-r the satrd bottotn,
observations of othet' deficicrlrr}' signs bct:otntl
more difTicult t:otttllarecl to frec-swittttuittg
auinrals. Low tttttst:le (i( )'l', trrrtl I)l,l' lttrtl
Iltl? ,Jorr.rnol Vtl.llI No.1. 1997
l)MI) <:ontt:nts in the hepatopancreas and
rurusr:le of' przrwns tbcl without supplemental
I'N in thc preserrt study might be considered
rus sensitive itrdicntors {?rr the earll' detection
<r{'r,it:rnrin I},. dcf icicn<'y in 1). ,joponicus.
(]ON(II,USION
L Vitarnin [],, is cssetrtial for normal growth
ancl prevctttion ol'its dellciency sigrrs of P.
j u 1tt t tt it'tt.s .
2. t)cllcicncl signs ol'vitatnin Bu wcre poor
gnrwlh ancl sttn'ival. low PLP and PMP
lcvcls in both hepatopancreas and muscle.
ancl low nrrtsclc (iO'l'activity.
3. Dictarl' pyricloxinc reqttirement for maxi-
nrtttn weigltt gairl ol-.iuvenile P. iuponicus
uas ;1..j nrg/|00 g dict. Dietary le"'el of 5
rng/l(X) g diet \\'as retltlircd for maximum
l)l.l) cottteut irr thc lrcpatoptttrcreats atrd mus-
clc trl'pt'a\!ns.
4. I)rcclttnrirtattt {irrttts ol'vitanrin Bo were PLP
antl l)NII). both in the lrepatopancreas and
rurusclc ol' prawtrs. aud their levels were
inllucnced by clietary PN. Pl.P level in the
hepatopanctctls was lower tltan PMP level.
llowcver. PI-l) level in the rnuscler was much
highcr than I)N'tl' lcvcl.
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